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I. INTRODUCTION 
This study focuses on the interaction of U.S. agricultural exports, 
regional patterns of farm production, and the problem of agricultural 
sediment. It also evaluates alternative policies in abating sedimenta-
tion of the nation's main river basins. One underlying hypothesis of 
the study is that changes in agricultural export demands cause shifts 
in the comparative advantage among producing regions within the United States 
and alter regional land use patterns, farm incomes, consumer food prices, 
and soil loss. Given this hypothesis, the study uses a mathematical mode] 
and two estimates of the U.S. 1985 agricultural exports to investigate if 
and how these interactions occur. 
The second aspect of this study stems from the interaction of agri-
cultural exports and mainstream sedimentation. Changes in agricultural 
exports which enhance row crop (corn, soybean, and cotton) production 
increase soil loss. Soil loss not only reduces future farm production, 
but increased sediment in the nation's waterways also imposes a negative 
externality on society. In recognizing this possible sediment diseconomy 
of agricultural exports, the study uses two different policies aimed at 
restricting sediment to the nation's waterways~ The policies are analyzed 
using the two 1985 export demand estimates, and the results are compared 
with the no policy (Base)solutions in terms of soil loss, soil 
conserving practices, regional production patterns, farm incomes, and 
consumer food prices. 
2 
Background of the Study 
This section is divided into three parts. First, the role of 
agricultural exports is discussed. Second, the uncertainty associated 
with agricultural export demand is examined. This uncertainty led to 
the use of alternati'\Te export demand levels in the study. Finally, the 
linkage between agricultural exports and sediment is discussed in more 
detail. This linkage pertains to the second aspect of the study. 
The role of exports 
The United States has an enormous agricultural production capacity 
which cannot be economically saturated by domestic demands. Low income 
elasticities of demand for agricultural products and slow population growth 
in the domestic market restrict demand and impede supply expansion. On 
the other hand, exports facilitate production expansion and provide an 
avenue whereby the United States might realize its full agricultural 
potential without the use of stringent supply controls or other auxiliary 
measures to stabilize farm prices and incomes. 
More significantly, the value of agricultural exports can provide 
a large proportion of foreign exchange to American consumers for purchas-
ing imported goods and services. Forexample, during the boom years of 
1971-1975, the value of agricultural exports rose from $7.8 billion in 
fiscal year 1971 to $21 billion in fiscal year 1975, and the proportion of 
total export earnings rose from 18 percent in 1971 to 25 percent in 1974 
(Table 1). Further, the statistics for the years 1971-1977 show that 
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the value of agricultural exports acted as a positive influence in 
stabilizing the balance of trade accounts. 
The above roles of U.S. agricultural exports are neither novel nor 
incidental. The importance is clearly expressed in the U.S. trade policy 
arrangements which seek to link agricultural and industrial trade arrange-
ments despite strong opposition from other market organizations 
[18]. Also, Section 103 of the 1974 Trade Act [19] states: 
.•.• to the maximum extent feasible, the harmonization, reduction, 
or the elimination of agricultural trade barriers and distortions 
shall be undertaken in conjunction with the harmonization, reduc-
tion or elimination of industrial trade barriers and distortions. 
Despite the well-known importance of agricultural exports, farm 
prices and incomes and foreign exchange earnings continue to fluctuate. 
One reason for this instability is the uncertainty associated with export 
demands. 
The uncertainty of ex£orts 
The demand for U.S. agricultural exports depends upon favorable 
market forces, world climatic conditions, and institutional arrangements. 
These components enter the aggregate demand with different "degrees" 
of uncertainty, adding to the instability of export demand. This insta-
bility is transmitted to farm prices and incomes and foreign exchange 
revenues. Historical evidence has vindicated this effect; amid projec-
tions of food scarcity and higher prices in 1966, farm prices and income 
were again depressed by 1968. The recent experience of the early 1970s 
provides another example. The prolonged increase in worldwide demand 
for agricultural commodities and the resulting high farm prices and 
5 
revenues made many observers, Heady and Timmons [9] and Crosson [5], 
query whether these forces were new and permanent or transitory. 
Yet, by early 1977, farm prices and incomes fell, foreign exchange 
earnings declined (Table 1), and supply control policies became 
relevant, [16]. 
Agricultural exports and sediment 
Agricultural exports are not independent of soil loss, sedimenta-
tion, or agricultural pollution in general. Greater agricultural 
exports stimulate production thereby facilitating the use of intensive 
methods. Such methods imply a greater concentration of noxious by-
products which create costs to society. In the case of sediment or 
soil loss, both farmers and the rest of society may be adversely 
affected. 
The major cost of soil loss to farmers is the loss of future 
productivity. Plant nutrients such as nitrogen and phosphorous are 
attached to the top soil. Thus, productivity is reduced by greater 
erosion rates which remove the upper layer of soil. Even in bottom 
lands less prone to erosion, productivity may be impaired by 
infertile overwash. However, this cost to farmers may be obscured 
by factors associated with increasing exports. This cost disguise 
causes less active farmer participation in controlling soil loss and, 
therefore, sediment. Evidence to this effect is seen in a survey of 
farmers participating in the U.S. Department of Agriculture (USDA) 
6 
conservation program. The study revealed that during the 1971-1975 
worldwide increase in export demand, 84 percent of U.S. cropland had 
soil loss in excess of the recommended level [20]. 
A number of factors accounts for the decline in importance of the 
cost of soil loss to farmers in periods of increasing export demands. 
First, some farmers are faced with institutional arrangements such 
as land tenure agreements which limit their planning horizon. As a 
result, the cost of future productivity may not enter their objec-
tive function. Second, if the institutional characteristics are negated 
and farmers are concerned about future productivity, the cost of soil 
loss may be masked by the use of improved seeds and greater fertilizer 
applications which tend to maintain or increase yields. Third, even 
if farmers recognized the cost of soil loss in allocating limited funds, 
they weigh the benefits with the cost of conservation. Given the knowl-
edge of a present increase in exports and crop prices and the uncer-
tainty of future demands, farmers are apt to relax their goals on soil 
loss and take advantage of the present profitability of crops. Using 
a sample of farmers in western Iowa, Hauser and Timmons [7] demon-
strated this effect. The study showed that farmers' goals on annual 
soil loss per acre fell 30 percent between 1952-1957 but increased 
24 percent between 1957-1975, indicating a direct relationship between 
soil loss goals and export demands. 
Sediment is generally accepted as the largest polluter of 
streams, approximately 50 percent by volume [20]. Sediment is present 
7 
on the nation's roads, in ditches, canals, and rivers. Sediment trapped 
in ditches and canals reduce their holding capacity, consequently, 
increasing the danger of floods. For example, in 1964 Ford [6] 
estimated the sediment-related upstream damage owing to flooding at 
$87.7 million for the continental United States. Sediment in commercial 
and navigational waterways represents a hazard and involves a cost of 
removal. Probably the most important and the most difficult cost 
to measure is the cost to society resulting from the loss of the 
aesthetic value of the nation's streams and rivers. Although there 
is some controversy over the extent to which agricultural sediment 
contributes to the eutrophic1 conditions of the nation's waters, it 
is generally accepted that its role is considerable [4, 15, 29]. 
The Problem 
Agricultural exports may play crucial roles in realizing the United 
States' full agricultural potential, in buttressing farm income and 
prices, and in stabilizing foreign exchange earnings. However, export 
demand uncertainty leads to the following questions: How would produc-
tion change among the regions of the United States under different long 
1Eutrophication is the process by which a body of water ages [24]. 
In a closed ecosystem, aging is restricted by the availability of nitro-
gen and phosphorous in the food chain. Once this system is opened owing 
to sedimentation, the availability of phosphorous and nitrogen increases, 
and the process of eutrophication is enhanced. The effect of eutrophica-
tion is transmitted to society by increased turbidity in water, beaches 
with increasing amounts of algae residues, substitution among fish species 
to less desirable types, and a general reduction in environmental 
aesthetics. 
8 
run export demands? Would some regions experience a gain in comparative 
advantage or would farm incomes change proportionately in all regions? 
Greater export demand implies higher domestic food prices. Would the 
domestic consumer food bill rise significantly or marginally? How 
would production techniques and soil loss change? Answers to these 
questions could give policy makers important information for making 
decisions. 
A greater demand for agricultural exports may also result in 
greater sedimentation since the two are positively correlated. Sedi-
mentation imposes diseconomies on society. If one of society's goals 
were to reduce sedimentation of the nation's main waterways, then what 
would be the effect of different policies in achieving this objective? 
How would the variables mentioned in the previous section change? Would 
there be drastic or only small marginal differences? Answers to these 
questions can be useful to decision makers in generating a balance between 
agricultural structure and its contribution to stream sediment and soil 
erosion. 
Objectives 
The objectives of the study are two-fold: The first objective is to 
quantitatively simulate future national and regional changes in soil loss, 
agricultural production, and costs under two levels of agricultural 
exports. The two demand levels project "low" and "high" export 
alternatives congruous with the uncertainty associated with agricultural 
exports. The second objective is to investigate the impact on sedimentation 
9 
of two policies aimed at reducing sediment in the nation's waterways. 
The two policies are: (a) the 5 Ton Limit which restricts sediment 
through a physical regulation on crop production requiring activities with 
no greater than five tons of gross soil loss per acre annually, 2 and (b) 
the "Tax" policy which uses a cost (tax) on sediment actually reaching 
the main river basins to generate the same national sediment standard3 
as the 5 Ton Limit. 
2A gross soil loss of five tons per acre annually is generally 
accepted as the erosion rate which maintains soil fertility over time, 
[ 3, 10]. 
3 Standards pertain to sediment actually reaching the main river 
basins. 
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II. METHODOLOGY AND MODEL 
Methodology 
In its effect on mainstream sedimentation, sediment can be treated 
as an externality. As a result, the Pigouvian (taxes-subsidies) 
approach in controlling sediment becomes relevant. In the strict 
Pigouvian analysis, a tax (subsidy) equal to the marginal net social 
damage (benefit) is placed on the externality-producing activity to 
generate an optimal level of control [1, 14]. In practical application, 
however, the analysis suffers from two critical problems. First, the 
measurement of marginal net social damage (benefit) is difficult. For 
example, some of the costs associated with sediment externalities are 
psychic and intangible: the present and future losses of recreational 
services prevent reasonable cost estimates. Second, there exists the 
question of what is the optimal rate of control? If the answer to this 
question were known, then the optimal tax rate could readily be cal-
culated. 
To circumvent the above two difficulties, Baumol and Oats [2] 
and Baumol [1] purported a modified version of the Pigouvian tax 
(subsidy) scheme denoted as the method of Standards and Prices. 
1 Essentially, the method suggests the specification of an arbitrary 
1The word arbitrary is used in the sense that the standard is not 
based on theory, but more so on past observations and researchers' 
experience. 
• 
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tolerable standard of effluent and the use of the price mechanism (tax 
or subsidy) to generate the same standard. The final step involves the 
adjustment of the standards to iteratively determine the optimal prices 
and standards. The adjustments here are based on weighing the benefits 
and the cost of an alternative standard. 
The Standards and Prices method provides two policies for compari-
son: (a) the standard as given by a regulation and (b) the price 
mechanism consistent with a tax (subsidy). In this study, the 5 Ton 
Limit was the regulation specifying the sediment standard. A tax on 
sediment was a relevant policy instrument for generating the standard. 
The Model 
The analysis of this study is made by an interregional linear 
programming model using projected 1985 conditions. The basic model is 
one of a series developed by the Iowa State University-Research Applied 
to National Needs (ISU-RANN) project used to simulate U.S. agriculture 
[8, 13, 28]. The model is set up to minimize the total social cost 
of producing and transporting agricultural commodities and the 
environmental cost of sedimentation in the main river basins. Total 
social cost is minimized, given fixed point demands for agricultural 
commodities. Production is constrained by the availability of land 
resources, water supplies, and permanent hay and nitrogen fertilizer. 
• 
12 
We present a mathematical summary of the model to illustrate the 
policy alternatives. Subsequent discussions include the delineation 
of regions and sectors of the model. 
Mathematical Description of the Model 
In matrix notation, the basic model can be written as follows: 
Minimize P + t.S 
subject to [Cl C2] [Xl X2] I - lP = 0 
[Al A2] [Xl X2] I ~ b 
[D1 D2J [X1 X2] 1 - IS = 0 
P, s, x1 , x2 ~ 0 
where: 
P is a scalar representing the total cost of producing and 
transporting agricultural commodities; 
t is a vector of cost 1 t 1 on sediment reaching the main 
river basins; 
(1) 
(2) 
(3) 
(4) 
(5) 
S is a (k x 1) vector of sediment actually reaching the main river 
basins; 
c1 and c2 are (1 x n1) and (1 x n2) vectors of production and trans-
shipment costs; 
A1 and A2 are (m x n1) and (m x n2) matrices of technical production 
and transshipment coefficients; 
b is an (m x 1) vector of resource availabilities and demand 
requirements; 
13 
n1 and n2 are (k x n1) and (k x n2) matrices of coefficients delineating 
the sedimentation process from the crop production activities to 
the main river basins; 
I is a (k x k) identity matrix; 
x1 and x2 are the production and transshipment activities; and 
x2 contains all crop production activities with soil loss greater 
than five tons per acre annually. 
The basic model specified above is modified in simulating the 
alternative solutions, For the Base solutions, the tax "t" on sediment 
reaching the main river basins is set equal to zero. The model then 
minimizes the total cost of producing and transporting agricultural com-
modities, P, without any soil loss or sediment restrictions. With the 
5 Ton Limit, not only is "t" or tax set equal to zero, but all x2 
activities are eliminated. This results in the minimization of total 
costs with the requirement that the soil loss from all crop production 
activities, including production techniques and erosion control measures, 
be no more than five tons per acre annually. The Tax Policy uses the 
basic model with "t" equal to 50. This implies that total social cost 
is minimized with a $50 per ton tax on sediment reaching the main river 
basins, and without soil loss restriction on production activities. The 
low and high export solutions are obtained by adjusting the vector "b". 
The value of "t" used in the Tax Policy ~solutions is obtained from 
coordinating two approaches. First, the basic model is modified as 
specified by Equations (6) through (10). 
14 
Minimize p (6) 
subject to [Cl C2] [X1 x2] 1 - lP = 0 (7) 
[Al A2] [Xl X2] I ~ b (8) 
[Dl D2] [Xl X2] I ~ c (9) 
P, x1 , x2 ::= o (10) 
where: 
c is the (k x 1) vector of the 5 Ton Limit 1 s sediment reaching the 
main river basins. 
Simulation of the above model generates k shadow prices for sediment 
actually reaching the main river basins. This indicates an initial value 
of "t." The second step incorporates this starting value of "t" into 
the basic model, and "t" is iterated until the national sediment, levels 
under the two policy alternatives, the Tax and the 5 Ton Limit, are 
identical. In so doing, a "t" or tax value of $50 was adequate at both 
export levels. 
The Regions of the Model 
Four regional delineations are used in the model. They are the 
regions within which the data are collected, the producing areas within 
which production activities are defined, the market regions which act 
' 
as a central point of commerce, and the reporting regions into which 
the results are summarized. 
15 
The data regions 
The data were collected on the basis of political and geographic 
regions. These regions included the counties and states of the conti-
nental United States from which census and commodity production data are 
tabulated. In addition, data were obtained from the county approxi-
mations of the major land resource areas as delineated by the data 
collecting agency of the Soil Conservation Services (SCS), U.S. Depart-
ment of Agriculture. Figure 1 shows the location of these regions. 
The producing areas 
A total of 105 producing areas are defined in the model. They are 
county aggregations of river subbasins as provided by the Water Resource 
Council for developing the 1975 National Water Assessment [23]. The 
producing areas (PAs) are hydrologically consistent in terms of water 
flow and serve as subsectors of larger river basins which can be 
approximated by linking appropriate PAs. Figure 2 shows the 105 PAs 
nested within the river basins. The heavier lines demarcate the 
major river basins. 
All crop production activities are defined within the PAs. Thus, 
the relevant inputs such as the land base and the water supply used in 
these production processes are also defined on a PA basis. 
The market regions 
Twenty-eight contiguous market regions (MRs) are defined (Figure 3) 
from aggregation of the 105 PAs. The MRs serve two purposes. First, they 
u
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are the demand regions for the major commodities, and therefore, represent 
the spatial complement of the model through which intermediate and final 
products are shipped. The metropolitan center identified within each 
MR acts as a hub for these processes. It is through the spatial linkages 
that the relative comparative advantages and changes in production 
patterns are determined among the regions of the model in fulfilling 
the demand restraints. 
Second, the endogenous livestock and relatively immobile crop 
producing activities are defined in these market regions. Computational 
ease is the main reason for defining these activities by MRs rather than 
by PAs. 
The reporting regions 
The reporting regions are shown in Figure 4 .. These are more or 
less arbitrarily assigned on the basis of regional importance and con-
venience. 
Major Sectors of the Model 
The model has seven major sectors. These include the land, crop 
production, soil loss and sediment, livestock, water supply, commodity 
demand, andtransportation sectors. Implicitly, the model also includes 
an exogenous agricultural sector. The exogenous sector accounts for the 
resource utilization by the nonendogenous crops and livestock activities. 
The exogenous sector is explained before the other seven major sectors. 
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The exogenous agricultural sector 
The exogenous enterprises can bedivided into two groups: (a) 
fruits and vegetables and minor field crops and (b) the small, extremely 
intensive animal enterprises. The first group includes dry beans, dry 
peas, flax seed,fruits and nuts, peanuts, potatoes, rice, rye, sugar 
cane, sweet potatoes, tobacco, and similar fruit, vegetable or spiced 
crops. The second contains broilers, eggs, turkeys, sheep and lambs, 
and other minor animals (horses, mules, ducks, geese, fur-bearing animals, 
and zoo animals). 
The exogenous activities exert influence on the model through the 
a priori withdrawals of resources and in the case of animals, also via 
nitrogen fertilizer supplied. Commodity demands for exogenous crops are 
projected to the year 1985. Then, the land acres, water supply, and 
fertilizer necessary to support these levels are removed from the resource 
base. In the case of land, some minor adjustments are necessary, 
which account for double cropping and reduce the available exogenous 
acreage [ 13] • 
Exogenous livestock activities consume appropriate amounts of water 
resources and feed. Water resources are withdrawn from the base supplies 
while the feed is extracted from supplies representing an addition to the 
endogenous demands. The feed demands are based on the rations for each 
class of animal explained in Agricultural Water Demands [8] and proiected 
1985 animal numbers. Nitrogen wastes from exogenous animals are converted 
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to nitrogen fertilizer equivalents and serve as additions to available 
nitrogen supplies. 
Permanent nonleguminous hay and pasture are converted exogenously 
into hay equivalent and made available as roughage to endogenous live-
stock activities. The nonleguminous hay and pasture are determined from the 
Conservation Needs Inventory (CNI) [21]. They include range and grazed 
private and public forest lands. 
Land sector 
The land base in the model is based on the CNI data [21] which 
included a sample of privately owned land by agricultural capability 
class. The report delineated eight major land capability classes (I-
VIII). These classes were further subdivided into 29 subclasses on the 
basis of hazards restricting use. The hazards or subclasses reflected 
the susceptibility to erosion (e), subsoil exposure (s), drainage prob-
lems (w), and climatic factors preventing normal crop growth (c). 
The land acreages were aggregated by county and class-subclass into 
the PAs (producing areas) where adjustments for exogenous crop uses were 
made. For this model, the land classes were further aggregated into 
five (dry and irrigated) groups for use in the study. Table 2 reports 
the class-subclass delineation within a group and the national land base 
for each group. 
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Table 2. Five land groups (classes) and their respective national 
endogenous land basea 
Groups Used Class- Total Endogenous 
in Study Subclass Acres (000 acres) 
1 I, IIwa, IIIwe 65,084 
2 rest of II, and IV; 213,287 
all of V 
3 IIIe 71,113 
4 IVe 29,642 
5 VI, VII, VIII 14,466 
aA definition of these land classes can be found in Meister and 
Nicol [12]. 
The crop production sector 
In the endogenous crop production sector, technically efficient 
activities are defined for the following crops: barley, oats, grain 
sorghums, wheat, corn, cotton, soybeans, legume and nonlegume 
hays, and sugar beets. Different activities are defined for different 
rotations in each of four conservation methods and each of three tillage 
practices in each land class in each PA. These activities consist of 
one to four crops in rotational combination for periods of one to eight 
years. The four conservation methods are straight row cropping, con-
touring, strip cropping, and terracing. The three tillage practices 
are conventional tillage residue removed, conventional tillage residue 
left, and minimum tillage. The rotational combinations used in delineating 
each activity were based on historical information, while the conserva-
tion methods and tillage practices were recommendations obtained from 
the Soil Conservation Services (SCS) questionnaire [12]. 
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Production activities designate the amount of land, water, 
nitrogen fertilizer, and other resources used in the production of crops, 
crop aftermaths, and soil loss. Production costs also are associated 
with each production activity. 
Production activities are based on a unit acre of land. The water 
coefficients represent the net of precipitation required for stated crop 
yields and are, therefore, relevant in the 17 western states where irri-
gated cropping methods are defined. Nitrogen fertilizer requirements 
depend on the crop yields and the rotational combination used. Larger 
crop yields require larger nitrogen use. Nitrogen fertilizer adjustments 
are made for rotational sequences involving leguminous crops and which 
need less chemical nitrogen. Yields were obtained from production func-
tions developed by Stoecker [17]. These yields, projections to 1985, 
vary by land class, PA, cropping method (dryland or irrigated), tillage 
and conservation practices, and the rotational delineation. Apart from 
cotton and soybeans, the production of each crop is associated with an 
estimate of aftermath in terms of hay equivalents. The aftermath yields 
are modifications of Jennings estimates [11]. 
The production costs were defined for each activity to reflect 1985 
conditions. Costs depend on crop yields and, therefore, on the variables 
previously delineated which influence yields. They do not reflect re-
turns to land or any fixed costs associated with land. Returns to land 
are determined endogenously. 
25 
Soil loss and sediment sector 
This sector can be divided into two component parts, namely, the 
gross soil loss and the sediment subsectors. The latter defines the 
quantity of gross soil loss estimated to actually reach the main river 
basins. 
Gross soil loss subsector Gross soil loss represents the average 
annual soil loss leaving the land and emanating from the production 
activities. The study is not concerned with gross soil loss~~· 
However, it is used in an accounting sense to determine total and aver-
age gross soil loss per acre; to identify activities with greater than 
five ton gross soil loss, and as a basis to calculate the sediment 
actually reaching the major river basins. 
Gross soil loss estimates were determined in two separate ways. 
For areas east of the Rocky Mountains, the "Universal Soil Loss Equation" 
as outlined by Wischmeier and Smith [30] was used. The equation relates 
average annual soil loss in tons per acre as a multiplicative function 
of erosivity, erodibility, slope length, slope gradient, crop management 
practices, and erosion control practices. It is stated in the following 
manner: 
A R X K X L X s X c X p (11) 
where: 
A is the average annual gross soil loss in tons per acre; 
R is the average rainfall erosive index per year for the particular 
location, soil and precipitation; 
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K is the soil erodibility factor for the particular soil depending 
on its structure and other characteristics relative to its erosion 
under continuous fallow on a nine percent slope of 72.6 feet long; 
L is the slope length relative to a 72.6 feet slope length; 
S is the slope gradient relative to a nine percent slope; 
C is the cropping management factor which hinges upon the particular 
cropping sequence and tillage practices; and 
P is the erosion control factor (practice) which depends upon the 
soil conservation practices used. 
The alternative procedure used in computing gross soil loss estimates 
was based on data collected from the SCS questionnaire [21]. The data 
areas for this procedure included the agricultural lands in the Mountain 
valleys and the West coast. We assume consistency between the 
"Universal Soil Loss" and the SCS estimates. In fact, the assumptions 
are the same where the two estimation procedures overlap. 
Sediment subsector Not all sediment leaving agricultural lands 
reaches main water bodies. Restraints on the movement of soil particles 
are caused by natural and artificial entrapments. These structures, 
whether they are highways, streamsorgrasslands, restrict the movement 
of soil particles and reduce the proportion actually reaching the main-
streams. The latter proportion is responsible for navigational hazards, 
eutrophication and other negative environmental externalities. 
Wade [27] made estimates of the sediment delivery and transport 
ratios by PA. These ratios respectively show the proportion of sediment 
reaching the PA mainstream and the distribution of the sedimentation 
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in downstream PAs. Table 3 shows these delivery ratios by PA. These 
sediment delivery estimates were computed by taking the ratio of the 
average annual sediment load, after adjusting for sediment transport, to 
the annual gross soil loss. The transport ratios, which represent the 
proportion of sediment delivered to a river from an upstream PA, are 
shown in Table 4. For further details, see Wade [27]. 
Given the sediment delivery and transport ratios and the schematic 
river flow (Figure 5), then the quantity and distribution of sediment 
deposited in the main river basins from any crop production activity can 
be computed. The procedure is illustrated as follows: 
Let 
D. be the delivery ratio for PA.; 
J . J 
T. be the transport ratio for PAj; 
J 
GS .. be the gross soil loss 
l.J 
in tons per acre for activity i in PA.; 
J 
and 
FiJ' = D x GS .. is the total soil loss in tons per acre emanating j l.J 
from activity i in PA. actually reaching the main river basin 
J 
associated with PA .. 
J 
Then,there exist coefficients, Sijk' of the form: F .. (l-T1), l.J . 
Fij x T1 (1-T 2); Fij x Tl x T2(1-T3); 
which describe the sediment transportation process for that activity, 
where: 
i=l,2, ... ,m; 
j ,k 1' 2' ... ' 105; 
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Table 4. Sediment transport ratios used in the model to 
complete sediment deposition from upstream PAs 
Produc~ng Sed~ment Produc~ng Sed~ment 
Area Transport Area Transport 
Ratio Ratio 
8 1.000 59 1.000 
31 .513 60 1.000 
34 .735 63 .270 
38 .001 64 .228 
40 .700 66 .110 
41 .400 68 .067 
42 .540 69 1.000 
43 .950 73 .026 
44 1.000 75 .003 
45 1.000 78 .106 
46 1.000 79 .188 
48 1.000 81 0 334 
50 .029 84 .038 
52 .001 86 .016 
53 .838 93 .007 
55 1.000 95 .256 
56 1.000 96 1.000 
57 1.000 
SOURCE: Wade [27]. 
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m is the total number of activities in PA · 
u' 
n is the total number of downstream PAs as indicated by the river 
flow system; and 
S "k is the quantity of sediment in tons per acre actually reaching 
1] 
the river basin in P~ from activity in in PAj. 
The final complement of the soil sedimentation subsector is a linkage 
to the objective function independent of production costs. The schematic 
river flows are shown in Figure 5. 
In summary, the sedimentation subsector exhibits two features. 
First, it accounts for the locational differences in sedimentation in 
the sense that the soil loss from a given endogenous production activity 
in an PA (say 45) may be deposited in the river basin in another PA (say 
46). Second, the independent linkage to the objective function increases 
the computational efficiency in evaluating policy alternatives. 
The livestock sector 
The endogenous livestock activities are defined by market regions. 
They represent four classes of livestock, namely, dairy cows, hogs, beef 
cows, and beef feeding. Each activity is associated with a ration, a 
direct cost of production, and a nitrogen supply coefficient which stems 
from manure production. 
Each type of livestock can choose from a number of rations determined 
endogenously to the model. The rations allow different permutations 
among crops in producing one unit of livestock. Substitutability among 
rations can take place among grains, between grains and roughages, and 
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among roughages given the grain component. Rations are formulated with 
embedded restrictions which guarantee palatability by the livestock 
consuming class. 
Two sets of costs are involved in producing one unit of livestock 
activity. First, the direct costs are included in the "objective func-. 
tion." These costs are explained by Nicol and Heady [13] and account 
for differential rates of livestock capital utilization among the various 
market regions. Second, there is an indirect or implied cost associated 
with the shadow prices of the crops which define the rations. Given 
identical direct costs, the model chooses the least cost ration in 
terms of the internally generated crop prices. 
The manureby-productof livestock enterprises represents a possible 
contribution to nitrogen fertilizer. The model converts livestock manure 
into nitrogen equivalents and makes it available for use by endogenous 
crop production activities. 
Water sector 
The water sector is developed to simulate endogenous water usage 
in the western states where irrigation practices occur. In the eastern 
states, water activities are not defined where water availability exceeds 
agricultural demands and generally is too costly to use for crop irrigation. 
Water supplies are defined by PA (Figure 2) for PA 48 through PA 105 
inclusive. The sources of the supplies include surface and groundwater 
after adjustments are made for nonagricultural water requirements and 
transit losses. The availability of water in any given PA depends on 
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the natural flows and interbasin transfers from other PAs within specified 
limits. 
There also is a cost by PA associated with the water flow system. 
These costs are based on the water delivery and pumpage charges and are 
derived from data obtained from the Bureau of Reclamation irrigations 
projects [24]. Further details concerning the water sector and the 
development of water prices can be found in Meister and Nicol [12]. 
Commodity demand sector 
The demand sector specifies the point demand for each commodity in 
each market region. This sector is the driving force of the model in 
the sense that it states the minimum quantity of the endogenous commodities 
necessary to quarantee the 1985 projected consumption of food and fiber, 
net exports, exogenous livestock production, and industrial and other 
nonfood uses. 
Two alternative demand levels are used in the study. These demands 
are based on a projected national population of 233 million for the year 
1985. Domestic utilization of commodities are the same in both demand 
scenarios but estimates of the net exports are based on the OBERS E' 
"high" and a deviant of the OBERS E' export projections [25, 26]. The 
low export demand is the OBERS E' "high" estimate, while the high export 
demand uses the OBERS E' adjusted with a fixed proportionate increase of 
.486, .07, .199, and .245 in corn, sorghum, wheat, and soybeans, 
respectively, to the levels indicated in Table 5. The high export 
demand exhibits a bias towards row crops--soybeans in particular. 
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Table 5. Projected 1985 net exports: OBERS E', the low and high 
demands used in the study 
Export Quantities - Millions 
OBERS E 1 OBERS E 1 "high" OBERS E 1 "adjusted" 
Item Unit 
Corn bu. 989 
Sorghum bu. 160 
Barley bu. 20 
Oats bu. 10 
Wheat bu. 774 
Soybeans bu. 950 
Cotton bale 4.1 
Beef & veal 
(care. wt.) 
1bs. -2,169 
Milk (fresh lbs. -680 
equiv.) 
Pork (care. 1bs. -307 
wt.) 
Lamb & mutton lbs. -230 
(care. wt.) 
Turkeys (R.T.C.) lbs. 70 
Broilers (R.T.C.) lbs. 235 
Eggs doz. 44 
(low export (high export 
demand) demand) 
1,889 1,875 
270 288 
25 20 
19 10 
1,179 1,137 
1,125 1,397 
4.2 4.1 
-1,190 -2,169 
-680 -680 
-307 -307 
-230 -230 
70 70 
235 235 
43.9 44 
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The transportation sector 
This sector delineates the transshipment network among market regions. 
In general, routes are defined between contiguous market regions. In 
some cases, however, noncontiguous market region routes are defined if 
such specifications reduce the mileage by more than 10 percent vis-a-vis 
the normal routes. 
For every commodity shipped, two routes link each pair of market 
regions. This facilitates the movement of the commodity in both directions. 
Transshipment costs are associated with the movement of each 
commodity. These costs are proportional to the distance between market 
regions, since a uniform rate is charged over all routes, given the commodity. 
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III. RESULTS 
The results of the study are presented in this section. First, 
·the two Base solutions reflecting alternative 1985 U.S. export demands 
in the absence of sediment policies are compared. The effects of the 
5 Ton Limit and Tax Policy are then compared relative to the Base sce-
narios. The low export Base solution represents the relevant 
reference point for the low export Tax and 5 Ton Limit solutions unless 
otherwise specified. Similar comparisons are made for the high export 
solutions. 
In the large-scale model used in the study, not all results could 
be analyzed and presented. A choice of data important to summarize had to 
be made. In this report, the variables discussed are the environmental 
impacts, conservation and tillage practices, land and other resource 
use, crop and livestock patterns, food prices, and farm incomes. These 
variables are analyzed at the national level and by reporting regions 
where relevant. 
The Environmental Impacts 
The main environmental variable considered is sediment, although 
gross soil loss and average gross soil loss per acre are introduced to com-
plete the analysis. National and regional changes in sediment relative 
to the Base solutions are first delineated. Then, the effect of the 
policy solutions (Tax and 5 Ton Limit) are compared. Similar analyses 
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are pursued for gross soil loss. Some observations concerning average 
gross soil loss per acre are also mentioned. 
Sediment 
Total sediment load in the United States is 83 million tons under 
the lower export Base. Of this sediment, 78 percent is located in the 
South Atlantic region and 16 percent is in the combined North and South 
Central regions (Table 6). The large sediment deposition in the South 
Atlantic region is caused by (a) the relatively greater erosivity of the 
region and (b) the river flow system into the region (Figure 5) which 
encourages sediment transportation from upstream regions. 
The high export Base solution results in an increase in the national 
sediment load to 95 million tons. The South Atlantic region shows the 
largest change, followed by the Great Plains and Western regions. These 
changes in sediment are related to (a) the increase in the amount of 
land required to satisfy the greater export requirement, (b) the greater 
use of more erosive lands, and (c) the change in the exports demands 
encouraging production of the more erosive row crops. 
The two policy alternatives (Tax and 5 Ton Limit) reduce national 
sediment load by approximately 65 percent relative to the Base solutions 
(Table 6). Similar reductions in national sediment load are expected 
under the policies given their construction. However, the similarity 
between the two policies on sediment at the national level is not trans-
mitted throughout the regions. In the North and South Atlantic regions 
the 5 Ton Limit is more effective than the Tax policy in reducing sediment, 
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Table 6. Regional sediment loads, and as a percentage of the Base for 
the six solutions 
Sediment 
Low Ex;eort High Export 
Item (000 % of (000 % of 
tons) Base tons) Base 
North Atlantic 
Base 790 100 824 100 
Tax Policy 456 ?8 668 81 
5 Ton Limit 330 42 326 40 
South Atlantic 
Base 64,998 100 75,696 100 
Tax Policy 20,731 32 25,177 33 
5 Ton Limit 21,766 33 23,953 32 
North Central 
Base 6,950 100 7,085 100 
Tax Policy 4,434 64 5,015 71 
5 Ton Limit 4,752 68 4,672 66 
South Central 
Base 6,300 100 6,625 100 
Tax Policy 2,257 36 2,619 40 
5 Ton Limit 1,439 23 1,672 25 
Great Plains 
Base 2,102 100 2,429 100 
Tax Policy 446 21 781 32 
5 Ton Limit 1,076 51 1,169 48 
Northwest 
Base 1,527 100 1,762 100 
Tax Policy 676 44 784 44 
5 Ton limit 849 56 971 55 
Southwest 
Base 324 100 372 100 
Tax Policy 249 77 239 64 
5 Ton Limit 313 97 414 111 
United States 
Base 82,991 100 94,793 100 
Tax Policy 29,249 35 35,283 37 
5 Ton Limit 30,325 37 33,177 35 
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but in the Great Plains and Western regions the opposite is true. The 
effectiveness of the 5 Ton Limit is linked to regional erosivity. The 
policy encourages soil conserving techniques in the erosive regions. 
Hence, it is more effective in abating sediment in the Atlantic regions. 
In the case of the Tax Policy, regional productivity hinders the use of 
soil conserving techniques where the profitability of commodities out-
weighs the tax effect sediment. This effect is further enhanced due to 
higher commodity prices under the high export case. 
Gross soil loss 
National gross soil loss increases by 7 percent under the high 
export Base relative to the low export Base (Table 7). The North Central, 
South Atlantic, and the combined South Central and Great Plains regions 
account for most of the soil loss. However, the South Atlantic region 
is the most erosive region. The region has average gross soil losses 
per acre of 12.06 tons and 12.64 tons under the low and high export Base 
runs, respectively--values which are more than double those of any other 
region (Table 7). 
The increases in national soil loss under the high export Base is 
caused by greater land utilization and the production of more erosive 
crops. However, larger prices for commodities under the high export 
Base also encourages the use of soil conserving techniques in areas where 
these practices are beneficial for crop yields. This latter effect is 
evident in the North Atlantic region where more terracing practices 
cause gross soil loss and average gross soil loss per acre to decline 
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Table 7. Regional gross soil loss, and as a percentage of the 
Base, and averase sross soil loss/acre for all solutions 
Total Gross Soil Loss Gross Soil Loss 
Low Export a ish E~ort tons/acre 
(000 % of (000 % of Low High 
__ t_9_~_s) ___ Base tons) Base Ex~ort Export 
North Atlantic 
Base 65,797 100 65,042 100 5.82 5.48 
Tax Policy 37,224 57 55,704 86 3.29 4.78 
5 Ton Limit 29,256 44 28,082 43 2.61 2.45 
South Atlantic 
Base 469,666 100 530,394 100 12.06 12.64 
Tax Policy 368,264 78 382,387 72 9.97 9.60 
5 Ton Limit 133,648 28 147,236 28 3.58 3.58 
North Central 
Base 649,099 100 694,271 100 4.86 5.03 
Tax Policy 440,984 68 463,903 67 3.28 3.36 
5 Ton Limit 372,304 57 403,790 58 2.74 2.89 
South Central 
Base 291,616 100 292,244 100 5.17 4.73 
Tax Policy 187,538 64 202,621 69 3.14 3.31 
5 Ton Limit 114,487 39 133,311 46 2.00 2.14 
Great Plains 
Base 345,272 100 363,697 100 5.20 4.80 
Tax Policy 81,765 24 102,850 28 1.30 1. 37 
5 Ton Limit 133,170 39 143,984 40 2.22 1.84 
Northwest 
Base 39,063 100 43,882 100 2.95 3.17 
Tax Policy 21,052 54 27,025· 62 1.65 2.09 
5 Ton Limit 22,819 58 24,600 56 1. 79 1.67 
Southwest 
Base 12,414 100 12,540 100 1.36 1.26 
Tax Policy 9,133 74 9,544 76 1.03 0.96 
5 Ton limit 10,787 87 9,338 74 1.16 0.87 
United States 
Base 1, 872; 929 100 2,002,013 100 5.69 5.60 
Tax Policy 1,145,963• 61 1,244,038 62 3.56 3.57 
5 Ton Limit 816,475. 44 890,343 44 2.45 2.48 
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relative to the low export Base, despite greater row crop production 
under the high export Base. 
Compared to the Tax Policy, the 5 Ton Limit proves to be signifi-
cantly more effective in reducing gross soil loss than the former at the 
assumed tax level. At both export levels, the 5 Ton Limit reduces 
national gross soil loss by 56 percent relative to the Base solutions. 
The corresponding reduction by the Tax Policy is approximately 39 
percent. The 5 Ton Limit is more effective than the Tax Policy in 
reducing soil loss in the Atlantic and South Central regions. However, 
the opposite is true in the Great Plains region and to a lesser extent 
in the Western regions (Table 7) where erosion is relatively less and 
the Tax Policy puts a heavy cost on it. 
The overall greater effectiveness of the 5 Ton Limit on soil loss 
is manifested in the national average soil loss per acre. The 5 Ton 
Limit generates a national average gross soil loss per acre of 2.5 tons 
compared with 3.6 for the Tax Policy used. These averages are consider-
ably below the Base solution national average of 5.65 tons per acre. 
However, the level of the penalty under the Tax Policy could be raised 
to lower the national average also to 2.5 tons. The amount is still 
to be determined. 
The main reasons for the disparity between the 5 Ton Limit and the 
Tax Policy on soil loss are: (a) the relative ineffectiveness of the 
tax on sediment in inducing conservation practices in highly productive 
regions, and (b) the 5 Ton Limit's restriction on gross soil loss re-
gardless of productivity. In productive regions the profitability of 
crops may outweigh the cost induced by the tax on sediment. Hence, the 
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Tax Policy is ineffective in reducing gross soil loss in the Atlantic 
and South Central regions. On the other hand, the 5 Ton Limit's restric-
tion on gross soil loss forces soil conservancy practices regardless of 
productivity and profitability. As a result, gross soil loss is lower 
than under the Tax Policy used. However, as mentioned previously a higher 
penalty under the Tax Policy could be as restrictive as the 5 Ton Limit. 
Subsequent studies will be devoted to analysis of tax and subsidy levels 
which might cause soil loss per acre or river sedimentation to decline 
to various target levels. 
Conservation and Tillage Practices 
Conservation and tillage practices are two important variables which 
determine the quantity of gross soil loss and, therefore, the levels of 
sediment. This section focuses on (a) the patterns of conservation and 
tillage practices generated under the Base solutions and (b) the changes 
in these patterns resulting from the use of the policy alternatives. 
The national distribution of conservation and tillage practices are first 
compared among all solutions, then similar comparisons are made for the 
reporting regions. 
National conservation and tillage 
practices 
Base solution National conservation and tillage practices are 
only slightly altered between the low and the high export Base (Tables 
8 and 9). Contouring and straight row cropping are the dominant conser-
vation practices, despite slight reductions in both under the high ex-
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port Base. The reduction in these soil conserving practices is caused 
by greater commodity prices under the high export Base which make ter-
racing more attractive. 
Table 8. The national percentage distribution of land 
management practices for all solutions 
Low Export Hi9:h ExEort 
Item Base Tax 5 Ton Base Tax 5 Ton 
Policy Limit Policy Limit 
Straight row 34.6 28.6 25.2 33.5 26.6 24.4 
Contouring 49.4 51.0 52.8 46.4 48.5 50.6 
Strip cropping 8.6 5.6 s.8 9.0 5.6 4.6 
Terracing 7.4 14.8 16.2 11.1 19.3 20.4 
Table 9. The national percentage distribution of tillage 
practices for all solutions 
Low Export 
Item Base Tax 5 Ton 
Policy Limit 
Con RRa 17.1 15.1 15.6 
Con RLb 48.8 44.6 38.2 
Minimum tillage 34.1 40.3 46.2 
aConventional tillage, residue removed. 
bConventional tillage, residue left. 
Base 
17.5 
47.8 
34.7 
H19:h Export 
Tax 5 Ton 
Policy Limit 
14.9 17.6 
44.8 33.9 
40.3 48.5 
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Tax Policy solution Both policy alternatives involve indirect 
costs on soil loss. As a result, better soil conservation and tillage 
practices are used relative to the Base. The national percentage of 
straight row and strip cropping decreases while increases in contouring 
and terracing occur (Table 8). Similarly, tillage practices show shifts 
toward minimum tillage and away from conventional tillage systems (Table 
9). 
The above shifts in national soil conservation practices are more 
pronounced under the 5 Ton Limit than under the Tax Policy. For reasons 
previously mentioned, this effect is very different in the erosive and 
more productive North Atlantic, South Atlantic, and South Central regions. 
~orth Central, Northwest and Southwest 
regions and conservation and tillage 
practices 
Conservation and tillage practices in the North Central, Northwest, 
and Southwest regions remain essentially the same for all solutions · The 
policy alternatives marginally increase soil conserving practices rela-
tive to the Base in these three regions. In the Western regions, soil 
erosion is not a problem (average gross soil loss per acre is low, as is 
the marginal effect of the policy alternatives). In the North Central 
region, the 5 Ton Limit has little effect in encouraging soil conserving 
practices because the region is not very erosive (average gross soil loss 
under the the Base is approximately 5.0 tons). In the case of the Tax 
Policy, its ineffectiveness stems not only from the relatively low ero-
sivity of the North Central region, but also because of the region's 
greater commodity productivity. 
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North Atlantic, South Atlantic, and 
South Central regions and conservation 
and tillage practices 
In the above three regions, the percent of terracing marginally 
increases from the low to the high export Base (Table 10). The increase 
in terracing stems from the greater use of land classes III and IV in 
meeting the high export demands. Terracing increases on classes III and 
IV lands. The higher prices for commodities under the high export Base 
also make terracing more attractive. 
In the case of tillage practices, the Base solution shows only a 
slight tendency towards minimum tillage under the high export level 
(Table 11). Higher commodity prices and greater use of land classes 
III and IV again are the factors which encourage such changes. 
The policy alternatives cause better land management techniques 
relative to the Base in all of the above regions (Table 10). Straight 
row cropping declines and terracing increases substantially. The effect 
of the Tax Policy is not as pronounced as for the 5 Ton Limit because 
of the regions' relative productivity. 
On tillage practices, the policy alternatives especially encouraged 
more minimum tillage relative to the Base. The 5 Ton Limit has a greater 
effect than the Tax Policy. This is particularly evident in the South 
Atlantic where minimum tillage increases considerably under the 5 Ton 
Limit in order to accommodate the endogenous soil loss restriction (Table 
11). 
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Table 10. The percentage distributions of land practices for all 
solutions in the North Atlantic, South Atlantic, and South 
Central regions 
Low ExEort High Export 
Item Base Tax 5 Ton Base Tax 5 Ton 
Policy Limit Policy Limit 
North Atlantic 
Straight row 31.1 18.4 14.1 26.2 19.8 16.5 
Contouring 60.2 60.6 60.9 57.4 58.8 59.6 
Strip cropping 7.6 12.0 12.2 7.8 12.7 11.4 
Terracing 1.1 9.0 12.8 8.6 8.7 12.5 
South Atlantic 
Straight row 41.2 40.6 39.6 42.2 37.6 28.9 
Contouring 47.7 45.5 47.2 44.6 47.2 55.6 
Strip cropping 9.2 6.4 1.2 8.7 5.6 1.7 
Terracing 1.9 7.5 12.0 4.5 9.6 . 13.8 
South Central 
Straight row 49.2 37.3 22.0 45.9 32.3 21.4 
Contouring 28.1 34.6 50.4 25.9 34.9 47.4 
Strip cropping 1.3 1.4 1.2 
Terracing 22.7 26.8 26.2 28.2 31.6 31.2 
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Table 11. The North Atlantic, .South Atlantic, and South Central 
percentage distributions of tillage practices for all 
solutions 
Low Export High Export 
Item Base Tax 5 Ton Base Tax 5 Ton 
Policy Limit Policy Limit 
North Atlantic 
14.6 12.3 11.5 14.1 13.1 
Con RL 34.2 26.4 27.9 28.6 43.4 
Minimum tillage 51.2 61.3 60.6 57.3 43.4 
South Atlantic 
Con RR 4.7 4.3 8.6 3.5 3.1 
Con RL 85.6 83.2 18.2 84.9 80.2 
Minimum tillage 9.7 12.5 73.2 11.6 16.7 
South Central 
Con RR 28.2 29.2 25.8 28.2 28.7 
Con RL 71.8 69.1 65.6 . 70.3 66.4 
Minimum tillage 1.7 8.6 1.5 4.9 
aeon RR = conservation with residue removed and Con RL 
with residue left. 
14.1 
28.8 
57.1 
5.7 
21.1 
29.9 
56.9 
13.2 
conservation 
Great Plains conservation and 
tillage practices 
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The high export Base causes marginal increases in soil conserving 
practices relative to the low export Base in the Great Plains. These 
increases occur because yields are somewhat higher under the conservation 
practices and are profitable under high export demands. The percentages 
of terracing and minimum tillage increase under the high export Base 
(Tables 12 and 13) as these practices become less expensive to other 
practices in commodity production. 
With the policy solutions, the shifts to more soil conserving 
practices are further enhanced because of the cost attached to them by 
soil loss. However, unlike the other regions, the Tax Policy is more 
effective than the 5 Ton Limit in inducing soil conserving practices. 
Relatively lower regional productivity coupled with low erosion rates act 
to make the Tax Policy more effective in the Great Plains. The 5 Ton 
Limit is met on many land classes under the low erosion rates of even 
the Base solutions. However, the Tax Policy causes even these low rates 
of erosion to be unprofitable. 
National and Regional Changes in 
Cropping Patterns 
Changes in crop production and acreage are the main variables 
considered in delineating differences in cropping patterns. Changes in 
these two variables determine variations in crop yields, thus, the latter 
is excluded. First, cropping patterns in the two Base solutions are 
compared; then, given a Base, similar comparisons are made for the policy 
alternatives. 
Table 12. 
Item 
Straight row 
Contouring 
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The Great Plains percentage distribution of land 
management practices for all solutions 
Low ExEort H~9:h ExEort 
Base Tax 5 Ton Base Tax 5 Ton 
Policy Limit Policy Limit 
21.5 14.0 12.9 21.6 12.3 13.8 
51.1 53.0 49.1 45.3 45.6 43.9 
Strip cropping 12.0 3.7 5.8 12.6 4.8 5.1 
Terracing 
Table 13. 
Item 
Con RR 
Con RL 
15.4 29.3 32.2 20.5 37.3 37.2 
The Great Plains percentage distribution of 
tillage practices for all solutions 
Low Export H~gh Export 
Base Tax 5 Ton Base Tax 5 Ton 
Policy Limit Policy Limit 
20.0 11.8 13.9 19.0 8.5 13.1 
72.8 63.1 69.2 67.9 61.7 57.5 
Minimum tillage 7.2 25.1 16.9 13.1 29.8 29.5 
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The national cropping patterns 
Base solutions The greater commodity requirement at the high 
export level is clearly reflected in the national cropping patterns of 
the high export Base solution~ Relative to the low export Base, the 
production of row crops increases (Table 14) despite substitution in 
the livestock sector away from corn grain and oilmeals. The general 
increase in production forces greater use of marginal lands which account 
for the large increase in crop acres (Table 15) and the general decline 
in crop yields (Table 16). 
Policy solutions The policy alternatives cause a decline in row 
crop production relative to the Base solutions. At the low export level, 
both policies generate a decline in all row crop production; hay is sub-
stituted for silage, and rotations of small grains and hay are increased 
in order to reduce soil loss. With the low export Tax Policy solution 
row crops are produced intensively, and a decline in production materi-
alizes on less productive land classes. This causes total crop acres 
to fall relative to the Base (Table 15) and row crop yields to increase 
generally (Table 16). The low export 5 Ton Limit policy, on the other 
hand, produces row crops more extensively, and small grains rather than 
hay is used to compensate for soil loss. As a result, crop yields fall 
generally with respect to the Base (Table 16). 
The high export Tax Policy solution has effects on cropping patterns 
which are similar to its low export counterpart. However, the greater 
demand for commodities at the high export level forces production onto 
less productive land classes. This shift in production dampens increases 
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in crop yields. The 5 Ton Limit policy differs considerably at the high 
export level. Small grains are produced intensively on the more produc-
tive land classes; the production of corn grain is increased, and hay 
rather than small grains is used to compensate for soil loss on the less 
productive land classes. Furthermore, both the land-using phenomenon 
of the 5 Ton Limit policy and the high export's greater commodity require-
ments act to reduce crop yields considerably compared to the Base. 
Small grain yields are the only definite exception (Table 16) because 
production on less productive land classes falls as hay rotations are 
increased. 
The North Atlantic cropping patterns 
Base solutions Increasing exports under the Base solutions 
causes a switch rather than an increase in the North Atlantic's cropping 
pattern. Total acreage increases only marginally (Table 18) because land 
is almost fully utilized. Crop production switches towards more corn 
grain, soybean and hays, and away from small grains (Table 17). The 
shifts in crop production follow the change in export demand at the high 
export level. 
Policy solutions The policy solutions have varied effects on 
the North Atlantic's cropping pattern depending on the export level. At 
the low export level both policies cause shifts to less erosive crops. 
The production and acreage of small grains and hays increase while the 
opposite changes are observed for row crops (Tables 17 and 18). This 
effect stems from the higher cost of soil loss under the policy solutions 
which increases the profitability of less erosive crops. At the high 
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export level, however, the profitability of row crops increases relative 
to the cost on soil loss. As a result, soybean production under both 
policies increases fourfold, and small grains and hay acreages decline. 
The effects of the export levels are more dramatic under the 5 Ton 
Limit than under the Tax Policy. The difference stems from the restric-
tion on soil loss under the 5 Ton Limit policy which a'lters crop produc-
tion to insure its endogenous soil requirement before considering crop 
profitability. 
South Atlantic cropping patterns 
Base solutions The South Atlantic crop acreages increase by 
two million acres from the low to the high export Base (Table 20). The 
change in acreage follows the shift in export demand which causes a 12 
percent increase in soybean production under the high export Base (Table 19). 
Policy solutions With the policy alternatives, the induced cost 
on soil loss encourages substitution away from.the more erosive row crops. 
Increases in the production and acreages of small grains, hays and corn 
grain occur, while production of soybeans and, to a lesser extent, cotton 
declines. The 5 Ton Limit has a greater impact in making these adjust-
ments because of (a) its endogenous soil loss requirement and (b) the 
relatively greater productivity of the South Atlantic region which dampens 
drastic adjustments by the Tax Policy. 
North Central cropping patterns 
Base solutions The high export Base has a 4.3 million acre 
increase in land use in the North Central region relative to the low 
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export Base (Table 22). Increases in soybean and silage production 
(Table 21) account for the major changes in acreage as the cropping pat-
tern adjusts to the high export deamnd. The greater production of 
soybeans also causes substitution among crops in land use. Small grains 
and hays, in particular, are forced on marginal lands as soybean produc-
tion increases. 
Policy solutions The policy alternatives have different effects 
on cropping patterns depending on the export level. At the low export 
level, substitution among row crops occur. Corn and sorghum grains and 
silages decline and production of soybeans increases relative to the 
Base (Table 21). Production of the less erosive crops, namely, small 
grains and hays also increase under the policy alternatives. At the 
high export level, both policies tend to reduce all row crops, and rota-
tions of less erosive hay are increased to lower soil loss. 
The main distinction between the two policies at the low export 
level is in their effects on small grains and silage. The 5 Ton Limit's 
soil loss restriction causes greater acreage of small grains relative 
to the Tax Policy. With silage, the 5 Ton Limit's acreage and production 
decline by 50 percent compared to the Tax Policy's minimal reduction. 
At the high export level, the main distinction between the two 
policies is in their effects on small grains and hay. The S.Ton Limit 
produces row crop extensively and uses more hay rather than small grains 
rotations to accommodate the soil loss restriction. As a result, hay 
production and acreage increase considerably and small grain production 
and acreage decline (Tables 21 and 22). The Tax Policy, on the other 
hand, increases both hay and small grains rotations. 
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The South Central cropping patterns 
Base solutions The high export Base solution increases the less 
erosive small grains and hays relative to the low export Base. On the 
other hand, row crop production remains relatively unchanged except for 
a 17 percent increase in soybean and a 6 percent decline in grain sorghum 
(Table 23). 
Policy solutions The policy solutions generally act to reduce 
row crop production and to increase production and acreage of small grains 
and hays relative to the Base solutions. The low export policy alterna-
tives result in a decline in the production of all row crops relative 
to the Base, and increases the acreage and production of small grains 
and hays. However, at the high export level soybean production is en-
couraged (Tables 23 and 24). 
The main impacts between the two policies on cropping patterns are 
in their effects on small grains at the high export level, and on cotton 
regardless of the export level. The high export 5 Ton Limit causes a 
decline in the production and acreage of small grains relative to the 
high export Base solution; the high export Tax Policy has the opposite 
result. The 5 Ton Limit's effect is transmitted through the increased 
comparative advantage of soybeans. As soybean acreage increases, the 
less erosive hay is substituted for small grains to accommodate the soil 
loss restriction. This causes the extensive production of hay and soy-
beans, and intensive production of small grains. With the Tax Policy, 
there is no soil loss restriction and substitution is limited. On 
cotton, the 5 Ton Limit shifts production considerably from the South 
T
ab
le
 
23
. 
T
he
 S
ou
th
 C
en
tr
al
 e
n
do
ge
no
us
 c
ro
p 
pr
od
uc
ti
on
 f
or
 a
ll
 s
o
lu
ti
on
s 
(m
ill
io
n 
u
n
it
s)
 
Lo
w 
E
x
~
r
t
 
H
i2
h 
E
xp
or
t 
C
ro
p 
U
ni
t 
B
as
e 
T
ax
 
5 
To
n 
B
as
e 
T
ax
 
5 
To
n 
P
ol
ic
y 
L
im
it
 
P
ol
ic
y 
L
im
it
 
B
ar
le
y 
Bu
 
42
 
48
 
51
 
26
 
32
 
60
 
o
a
ts
 
Bu
 
28
 
24
 
73
 
37
 
47
 
73
 
W
he
at
 
Bu
 
20
8 
25
4 
24
0 
27
0 
28
4 
16
5 
C
or
n 
g
ra
in
 
Bu
 
16
9 
19
8 
66
 
16
1 
15
1 
42
 
So
rg
hu
m
 g
ra
in
 
B
u 
45
9 
39
6 
26
4 
43
1 
31
9 
28
6 
S
il
ag
es
a 
T
on
s 
21
8 
20
8 
17
1 
22
0 
20
7 
15
1 
0
\ 
.
p-
So
yb
ea
n 
B
u 
11
5 
11
3 
87
 
13
5 
18
0 
28
0 
C
ot
to
n 
B
al
es
 
1
.5
 
1
.0
 
1
.5
 
1
.1
 
0
.9
 
3.
6 
H
ay
sb
 
T
on
s 
95
 
94
 
12
1 
10
4 
10
8 
11
2 
-
-
a
S
il
ag
es
 i
nc
lu
de
 c
o
rn
 
a
n
d 
so
rg
hu
m
. 
bH
ay
s 
in
cl
ud
e 
le
gu
m
e 
a
n
d 
n
o
n
le
gu
m
e 
ha
y,
 b
ut
 n
o
t 
p
as
tu
re
. 
T
ab
le
 
24
. 
T
he
 S
ou
th
 C
en
tr
al
 d
is
tr
ib
u
ti
o
n
 o
f 
e
n
do
ge
no
us
 a
c
re
s
 
by
 c
ro
p 
fo
r 
a
ll
 s
o
lu
ti
on
s 
(0
00
 a
c
re
s
) 
Lo
w 
E
xp
or
t 
H
ig
h 
E
xp
or
t 
It
em
 
B
as
e 
T
ax
 
5 
To
n 
B
as
e 
T
ax
 
5 
To
n 
P
o
li
cy
 
L
im
it
 
P
ol
ic
y 
L
im
it
 
Sm
al
l 
gr
ai
n 
8,
60
0 
10
,0
83
 
10
,6
68
 
11
,0
00
 
11
,9
16
 
8,
05
9 
C
or
n 
a
n
d 
so
rg
hu
m
 
gr
ai
ns
 
11
,0
82
 
9,
26
3 
5,
40
9 
9,
96
3 
6,
73
7 
4,
64
7 
S
il
ag
es
 
16
,8
37
 
15
,8
65
 
14
,4
14
 
17
,8
28
 
16
,3
69
 
14
,3
11
 
So
yb
ea
n 
3,
79
2 
3,
67
2 
3,
41
3 
4,
52
3 
6,
37
5 
10
,6
01
 
H
ay
s 
13
,7
26
 
13
,7
91
 
21
,7
84
 
17
,1
04
 
18
,8
77
 
20
,3
00
 
0'
1 V
l 
C
ot
to
n 
1,
17
5 
71
7 
1,
47
8 
89
2 
45
2 
2,
36
9 
O
th
er
s a
 
1,
22
3 
1,
51
0 
28
1 
45
4 
41
0 
2,
14
3 
TO
T A
Lb
 
56
,4
35
 
54
,9
01
 
57
,4
47
 
61
,7
64
 
61
,1
35
 
62
,4
30
 
a
T
hi
s 
in
cl
ud
es
 l
an
d 
in
 f
al
lo
w
 a
n
d 
s
u
ga
rb
ee
ts
. 
bT
ot
al
 m
ay
 n
o
t 
a
dd
 b
ec
au
se
 o
f 
c
o
m
pu
te
r 
ro
u
n
di
ng
. 
66 
Atlantic region to the South Central and Southwest regions. The Tax 
Policy tends to switch production away from the South Central region. 
The Tax Policy's regional changes in cotton production is a direct reflec-
tion of the relationship between the tax on sediment and regional pro-
ductivity. The 5 Ton Limit's effect stems from the greater erosivity 
of the South Atlantic relative to the South Central. This erosivity 
difference and the soil loss requirement of the 5 Ton Limit causes the 
switch in cotton production from the South Atlantic to the South Central 
region. 
The Great Plains cropping patterns 
Base solutions Total crop acreage in the Great Plains increases 
by 14 percent or 9.5 million acres between the low to the high export 
Base solutions (Table 26). The combined acreage of corn and sorghum 
grains increases by 150 percent, while soybean production and acreage 
increase by more than 80 percent. These large crop changes are tied to 
the greater demand for soybeans at the high export level. It directly 
influences soybean cropping patterns, and indirectly induces greater 
corn and sorghum grain production in the Great Plains region. The in-
direct effect acts through the increased production of soybeans in the 
North Central region. There is a shift in the regional comparative ad-
vantage of corn grain production from the North Central to the Great 
Plains ~egion (i.e. a shift in the comparative advantage of soybeans 
in the North Central region). The greater availability of land in the Great 
Plains also serves to provide flexibility in greater crop production. 
67 
Policy solutions The policy solutions encourage corn grain 
production in the Great Plains relative to the Base solutions. The Tax 
Policy causes a slight reduction in soybean production and acreage; 
hay is substituted for silage in livestock production, and the only in-
crease in row crops is in corn grain production (Tables 25 and 26). 
The 5 Ton Limit, on the other hand, increases the comparative 
advantage of both corn grain and soybeans. This effect is more distinct 
at the low export level where production and acreage of corn and sorghum 
more than double. The tendency for greater row crop production under 
the 5 Ton Limit relative to the Base is linked to the reallocation of 
row crop production from the erosive South Atlantic region. The 5 Ton 
Limit restriction on soil loss forces the erosive row crops from the 
South Atlantic and the reallocation occurs in the Great Plains. 
The Northwest and Southwest 
cropping patterns 
flase solutions In the Northwest and Southwest regions the high 
export Base encourages greater production of row crops with little effect 
on small grains and hays relative to the low export Base (Tables 27 and 
28). The adjustments under the high export Base follow the change in 
national export demand. However, the adjustments are not as dramatic 
as in other regions owing to the small land base and the comparative 
disadvantage of the Western regions in the production of endogenous crops. 
Policy solutions Since the Western regions do not have great 
soil loss problems, the 5 Ton Limit has little direct effect in changing 
production relative to the Base. However, the reallocation of row crop 
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production from erosive regions to the western regions occurs. For 
example, cotton production switches considerably from the South Atlantic 
region to the Southwest region under the 5 Ton Limit (Table 27). 
The Tax Policy, unlike the 5 Ton Limit, has a cost on soil loss 
in the western regions. Although this cost is small, it serves to en-
courage greater production of less erosive crops and dampens increases 
in row crops. This effect is seenoncotton production in the Southwest 
region and on small grains in the Northwest region. 
National Endogenous Livestock Feed U~e 
The high export Base solution does not alter national livestock 
feed use relative to the low export Base. Feed grains are altered 
little in total quantity, although sorghum is substituted for corn. 
Small grains and oilmeals decline marginally. The roughage mix 
remains relatively unchanged with limited substitution of hays for 
silage (Table 29). 
Because of the higher cost on soil loss under the Tax Policy and 
5 Ton Limit, row crops become costly. As a result, the use of corn 
in livestock feeds declines relative to the Base solutions (Table 29). 
However, the two policies differ on the mix; the Tax Policy favors 
corn while the 5 Ton Limit favors grain sorghum. Also, the 5 Ton Limit 
has greater effect in altering ration compositions relative to the Base 
solutions. It decreases the importance of small grains and substitutes 
hay for livestock, partly because it shifts some emphasis on feed 
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grains from corn in the North Central region to grain sorghum in the 
Great Plains regions. 
Resources Used in Crop Production 
The effects of the several alternatives on use of land, nitrogen 
and pesticides are reviewed in this section. In general, the 5 Ton 
Limit tends to "tighten up" the supply of land available to crops. 
Land use 
Table 30 includes percents of the total cropland base used by 
crops under the several solutions. At the national level the 
percentage utilization increases for the Base solutions from 89.6 
under low exports to 95.8 under high exports. A somewhat similar 
pattern is followed in the various regions. 
Because the 5 Ton Limit causes shifts of some row crops from 
hilly land, with the area taken over by small grains and hay, 
total land use tends to be highest under this policy. However, 
the difference is small compared to the Base and Tax Policy 
solutions. 
Nitrogen and pesticide use 
Although there is some variation by regions, more nitrogen and 
pesticides generally are used under high exports as compared to low ex-
ports. The general increase at the national level results from a greater 
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Table 30. Percentage utilization of total cropland (exogenous and 
endogenous) by regions under the low and high export 
solutions 
Item 
Base 
Tax Policy 
5 Ton Limit 
Base 
Tax Policy 
5 Ton Limit 
Base 
Tax Policy 
5 Ton Limit 
Base 
Tax Policy 
5 Ton Limit 
Base 
Tax Policy 
5 Ton Limit 
Base 
Tax Policy 
5 Ton Limit 
Base 
Tax Policy 
5 Ton Limit 
Base 
Tax Policy 
5 Ton Limit 
The Demand Alternatives 
Low Export High Export 
94.5 
94.5 
94.0 
90.3 
86.3 
87.1 
94.1 
94.8 
95.6 
89.4 
87.0 
90.0 
81.3 
77.4 
85.6 
89.0 
86.1 
86.1 
85.7 
84.3 
87.1 
89.6 
87.9 
90.8 
North Atlantic 
South Atlantic 
North Central 
South Central 
Great Plains 
Northwest 
Southwest 
United States 
98.7 
97.0 
95.8 
96.4 
92.1 
94.6 
97.0 
97.1 
98.2 
97.4 
96.5 
98.4 
92.6 
91.9 
95.5 
92.6 
87.2 
97.4 
92.3 
94.6 
97.1 
95.8 
94.6 
97.1 
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acreage of crops needed to supply the greater export level and the 
fact that the overall crop mix uses greater per acre quantities of these 
inputs. Imposition of the Tax Policy or the 5 Ton Limit causes fertilizer 
and nitrogen use to vary by region as compared to the Base solutions. 
The two policies cause row cropping to move out of some regions and into 
others. Use of the two inputs is changed accordingly. 
At the national level, the Tax Policy uses only slightly more 
nitrogen than the Base. However, the Tax Policy uses considerably more 
pesticides than does the Base solution because of a greater acreage of mini-
mum tillage and related sQifts. The 5 Ton Limit uses considerably more 
of both nitrogen and pesticides than does the Tax Policy and the Base 
solutions (Tables 31 and 32). The 5 Ton Limit has a somewhat greater 
acreage to be treated than the other alternatives. Also, its crop mix 
calls for heavier average applications per acre of both nitrogen and 
pesticides. In general, the 5 Ton Limit is more resource-using than 
either the Base or Tax Policy alternatives. 
Land Rents 
Imputed values (shadow prices or rents) of land are included in 
Tables 33 and 34. The impact of high exports in increasing land rents 
through the model solutions parallel the real world outcomes in the 
several years after 1973 when U.S. exports increased dramatically. Land 
rents and prices leaped dramatically as Russia began buying large quan-
tities of grain. 
In the model solutions, land rents approximately double with high 
exports under the Base solution and the Tax Policy. The increase is 
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Table 31. Regional nitrogen use for all solutions (1000 tons) 
Low Ex,eort High Export 
Region Base Tax 5 Ton Base ~ax 5 Ton 
Policy Limit Policy Limit 
North Atlantic 370 365 344 408 369 340 
South Atlantic 668 803 1,170 667 823 1,127 
North Central 3,910 3,634 3,720 3,484 3,272 3,906 
South Central 1,837 1,764 1,904 1,989 1,980 1,945 
Great Plains 1,195 1,534 1,543 1,657 1,920 2,192 
Northwest 447 478 427 541 517 584 
Southwest 484 518 534 536 545 702 
United States 8,911 9,096 9,639 9,282 9,426 10,796 
Table 32. Regional pesticide use for all solutions in million 
dollars a 
Region Base 
North Atlantic 76 
South Atlantic 171 
North Central 944 
South Central 36 
Great Plains 53 
Northwest 14 
Southwest 10 
United States 1,303 
a 
Low Export 
Tax 
Policy 
84 
178 
969 
37 
302 
16 
12 
1,599 
5 Ton 
Limit 
81 
407 
972 
128 
219 
14 
17 
1,837 
Base 
94 
186 
978 
43 
197 
25 
14 
1,537 
High Export 
Tax 
Policy 
76 
206 
987 
80 
602 
21 
16 
1,988 
5 Ton 
Limit 
88 
356 
988 
381 
656 
49 
98 
2,615 
The costs are comparable in terms of units of pesticide used since 
the costs are independent of shadow prices. 
78 
Table 33. Land rents (shadow prices) on dryland by regions for the 
various solutions (measured in 1972 dollars) 
Regions 
Base 
Tax Policy 
5 Ton Limit 
Base 
Tax Policy 
5 Ton Limit 
Base 
Tax Policy 
5 Ton Limit 
Base 
Tax Policy 
5 Ton Limit 
Base 
Tax Policy 
5 Ton Limit 
Base 
Tax Policy 
5 Ton Limit 
Base 
Tax Policy 
5 Ton Limit 
Base 
Tax Policy 
5 Ton Limit 
Low Export 
23.45 
32.35 
28.37 
21.60 
23.66 
23.92 
25.48 
29.43 
35.23 
17.12 
18.29 
18.23 
10.94 
10.66 
14.88 
12.55 
11.53 
15.00 
5.52 
6.30 
8.02 
20.41 
22.85 
25.91 
High Export 
North Atlantic 
South Atlantic 
North Central 
South Central 
Great Plains 
Northwest 
Southwest 
United States 
52.26 
54.07 
152.99 
47.89 
47.81 
174.71 
53.68 
54.11 
212.14 
30.93 
30.49 
74.81 
23.92 
22.73 
114.88 
19.80 
21.53 
75.16 
7.43 
8.59 
46.28 
41.66 
42.58 
162.51 
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Table 34. Land rents (shadow prices) on irrigated land by regions for 
the various solutions (measured in 1972 dollars) 
Regions Low Export High Export 
South Central 
Base 87.25 127.11 
Tax Policy 90.14 123.07 
5 Ton Limit 72.16 239.27 
Great Plains 
Base 62.22 94.51 
Tax Policy 58.65 92.43 
5 Ton Limit 60.16 225.76 
Northwest 
Base 31.03 49.98 
Tax Policy 34.85 54.11 
5 Ton Limit 36.30 155.66 
Southwest 
Base 39.29 64.86 
Tax Policy 44.41 64.81 
5 Ton Limit 48.97 209.36 
United States 
Base 57.72 87.60 
Tax Policy 59.70 86.58 
5 Ton Limit 55.85 212.70 
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several times under the 5 Ton Limit, with the relative impact being greater 
for irrigated than for dryland. However, neither the Tax Policy nor the 
5 Ton Limit cause much change in land rents, as compared to the Base, 
when exports are at the low level. 
Land use has greater flexibility under the Tax Policy than under 
the 5 Ton Limit. Under the 5 Ton Limit each land class in each producing 
area must reduce soil loss below five tons per year. Under the Tax 
Policy some soil classes and regions can have more soil loss while others 
have less. Hence, land is relatively more scarce for row cropping under 
the 5 Ton Limit. Also, more row cropped feed grains move out of the 
dryland farming areas susceptible to erosion and onto irrigated lands 
where there is less danger of erosion. Hence, not only are all land 
rents high for the 5 'Ton Limit at high exports but they are especially 
high for irrigated land. 
Shadow Prices for Endogenous Commodities 
Relative shadow prices for commodities and per capita food costs 
I 
are included in Table 35 for commodities which are endogenous to the 
model. Imposition of the Tax Policy or the 5 Ton Limit has only slight 
effects on prices when exports are at low levels. However, high exports 
cause commodity shadow prices to increase over low exports under all 
solutions. The increase is greatest for the 5 Ton Limit. The 
reasons for the greater price increase under the latter case again are 
those explained above for increases in land rents. 
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IV. LIMITATIONS 
The linear programming model used is normative in nature. Hence, 
it best predicts potentials for the future which are consistent with the 
resource, technological, and institutional restraints incorporated. 
The model is not predictive of farmers' expected behavior. However, 
if the potentials unveiled in the study should prove to have social 
preference, policies could be devised to cause farmers' responses to 
approximate the potentials revealed by the study. 
Since the model does not attempt to reflect decision procedures 
of farmers, the results of the study need to be viewed in terms of the 
long run when forces which dampen farmers' decisions and actions can 
be relaxed. As stated before, of course, this study is concerned more 
with potentials in resource use than with the farmer decision process. 
There is need for an in-depth examination of farmers' decision processes 
relating to adoption of soil conservation measures. Also, these 
differences also might better be resolved in further studies which 
incorporate multiple goals in the linear programming model. 
The structure of the model mainly (although not entirely) causes 
particular land classes in individual producing areas to shift entirely 
from one practice (e.g. conventional up-and-down-the-hill row cropping 
or residual removal) to another practice (e.g. contour farming or 
residuals retained). In the actual world, however, all farmers on one 
land class are not likely to shift simultaneously from one discrete 
practice to another in lock-step fashion. Even if all have the same 
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discount rates for future returns and similar prospects for profitability, 
other factors can cause some to hesitate and for the adjustment to be 
of a distributed lag nature. While distributed lags can be modeled in 
linear programming frameworks, this procedure was not employed because 
of the long-run nature of the study. We assumed, for the time the 
analysis was started in 1975, that a major portion of the adjustment 
could be made in 10 years. This outlook may be overly optimistic, however, 
even under the implementation of tax, subsidy, or mandate policies 
which could encourage it, full adjustment could take longer. 
It was not the purpose of this study to incorporate flexibility 
restraints which condition farmers' response to environmental goals. 
This step was implemented in a previous analysis of sedimentation and 
the environment [12]. It is being applied in a new study underway 
which links a linear programming model of the type included here with 
a time series simulation model. The linked model restrains the rate 
at and extent to which farmers adjust their conservation and farming 
practices. The large and complex study will not be completed for some 
time. However, when it is complete, it can be used to eliminate or 
lessen the impacts of this study's limitations relating to the timing 
and extent of adjustment. 
This study assumes some yield advantages for conservation farming 
systems. Hence, the results should be considered long-run in nature or 
relate to an extended time period so that these yield differences 
can be reflected. While the target date used to allow a reasonable 
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period for adjustment is 1985, it is possible that the date is too 
early to allow the yield differentials of the erosion control farming 
systems to be realized. In this sense, the target date might better 
have been 2000. 
Large amounts of data are required for a study of this nature. 
The data have been extended and refined over a period of years and 
appear to be the best currently available. In the future, however, 
the data need to be refined by updating the land base (a procedure 
f 
now underway) and evaluating statistical trends in crop yields (i.e. are 
they in prospect of plateauing, will they continue to increase but 
at a dampened rate, etc.). Also, it is possible that rising energy 
prices may cause reductions in use of nitrogen fertilizer and pesticides. 
These inputs are interrelated to land use, erosion control, conservation 
methods and tillage practices. The extent to which energy prices 
rise and interact with other parameters is not yet known. While 
models are underway to measure some of these energy impacts, studies 
of the current nature may need to be repeated for reevaluation as 
energy prices or other phenomena depart markedly from the assumptions 
used in this study. 
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IV. SUMMARY 
This study analyzes potential changes in soil loss, land use, crop 
production, production costs, and commodity prices under several solutions 
relating to export levels and soil conservation policies. A national 
and interregional linear programming model (Base solution) first is used 
to estimate soil loss, land use, interregional crop production patterns, 
and related items under both low and high export levels for U.S. farm 
commodities. The same items were then estimated for two policies designed 
to reduce gross soil erosion and stream sedimentation. The two policies 
were: (a) a physical limit of 5 tons per acre of gross annual soil loss 
for all crop production activities (5 Ton Limit), and (b) a tax on sedi-
ment actually reaching the mainstreams (Tax Policy) which generated the 
same national mainstream sediment loads as the 5 Ton Limit. 
Under the Base solution, estimated sedimentation increases by 14.5 
percent between the low and high export levels. The national pattern 
of crop production and tillage practices changes only slightly between 
the two export levels. 
The national sediment load is lower under both the Tax Policy and 
the 5 Ton Limit than under the Base solution. Too, the reduction in 
sediment load is about the same for the two policies. Regionally, the 
Tax Policy was more effective than the 5 Ton Limit in reducing sediment 
in the Great Plains and to a lesser extent, in other western regions. 
One reason for this was the relative ease of introduction of reduced 
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tillage systems in these regions under the Tax Policy. For gross soil 
loss, however, there was a large diversity between the two policies. 
Overall, the Tax Policy was less effective in reducing gross soil loss. 
The smaller effectiveness was due to the fact that the high yields in 
the Atlantic and South Central regions, high erosive regions, served to 
dampen the effect of the tax in inducing soil conserving practices. 
The 5 Ton Limit policy, on the other hand, resulted in large shifts 
toward soil conserving practices (minimum tillage, in particular) and 
away from row crop production. It required compliance with the 5 Ton 
Limit in all producing areas and on all land classes while the Tax 
Policy did not. 
Under the Base solution land used for crops increased from 89.6 
percent of the total cropland base under low exports to 95.8 percent 
under high exports. Use of nitrogen fertilizer and pesticides also in-
creased under high exports. 
Relative to the Base Solution, the 5 Ton Limit proved to be land-using, 
while the Tax Policy was land-saving. This difference stems from the 
mechanisms of the two policies. The tax on sediment under the Tax Policy 
is an indirect cost of using land. The 5 Ton Limit, however, spreads 
production over a greater land area. Some land in high rainfallregions with 
high yields is very erosive. To meet the 5 ton restriction, this land 
must be farmed less intensively and production must move to areas of lower 
rainfall and yields. 
Both policies use a greater amount of nitrogen and pesticides than 
does the Base solution. The land-using nature of the 5 Ton Limit policy, 
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coupled with its greater utilization of reduced tillage, causes it to 
use more nitrogen and pesticides than does the Tax Policy, especially 
at the high export level. 
Land rents increased markedly between the low and high export 
levels as utilization of the total land has increased. The national 
average under the Base solution increased by 104.1 percent for dryland 
and 51.7 percent for irrigated land. National average rents increased 
under both the Tax Policy and 5 Ton Limit. However, the increase was 
consistently high for the latter. Increases in land rents under the 
Tax Policy are restrained since it more directly acts to increase the 
cost of using land. 
Commodity shadow prices rose between the low and high export levels 
for all the solutions examined. The Tax Policy and the 5 Ton Limit both 
caused a small increase in shadow prices at the low export level rela-
tive to the Base solution. Increases in shadow prices between the low 
and high export levels was about the same for the Base solutions and 
the Tax Policy. The 5 Ton Limit had a much larger increase in shadow 
prices at the high export level. The greater increase was due to the 
land-using characteristics of the latter policy and the movement of 
more of the crop production to lower yielding land classes. 
Commodity shadow prices for the Base solution increased considerably 
between the low and high export levels. Commodity prices for the Tax 
Policy were slightly greater than for the Base solution at the high ex-
port level. The 5 Ton Limit is accompanied by a sharp increase in shadow 
prices and per capita food costs at the high export level. The high 
prices under the 5 Ton Limit result because grain production is pushed 
onto a greater area of land with low yields (and low erosion hazards). 
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